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(57) ABSTRACT

A memory device includes a substrate having common
source regions thereon, common source lines extending
along a surface of the substrate and contacting the common
source regions, respectively, and channel structures extend-
ing away Ifrom the surface of the substrate between the
common source lines. The common source lines define a
unit cell of the memory device therebetween. The memory
device further includes an electrode stack structure having
interlayer msulating layers and conductive electrode layers
that are alternately stacked along sidewalls of the channel
structures. The conductive electrode layers define respective
gates of selection transistors and memory cell transistors of
the memory device. An 1solation insulating layer, which
includes a portion of a sacrificial layer, 1s disposed between
adjacent ones of the iterlayer insulating layers 1n the stack
structure. The 1solation nsulating layer divides at least one
of the conductive electrode layers 1n the stack structure into
clectrically separate portions.
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MEMORY DEVICES AND METHODS OF
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent
Application No. 10-2014-0130121 filed on Sep. 29, 2014,
with the Korean Intellectual Property Oflice, the disclosure
of which 1s incorporated herein by reference 1n 1ts entirety.

BACKGROUND

The present inventive concepts relate to memory devices
and methods of fabricating the same.

Electronic products have been gradually reduced 1n over-
all size, despite requirements to process larger amount of
data. Accordingly, 1t may be advantageous to increase the
degree of itegration of semiconductor devices used 1n such
clectronic products. As methods for increasing the degree of
integration ol such semiconductor devices, research into
memory devices in which cell regions and/or peripheral
circuit regions are formed 1n vertically different regions has
been conducted.

SUMMARY

Embodiments of the present inventive concepts may
provide a memory device in which an aspect ratio 1n the one
unit cell region 1s lowered and misalignment of a contact
connected to a channel area 1s reduced or minimized by
retaining a portion of a sacrificial layer for forming a gate
clectrode layer and thereby dividing a word line, and meth-
ods of fabricating the same.

According to some embodiments, a memory device
includes a substrate having common source regions thereon,
common source lines extending along a surface of the
substrate and contacting the common source regions, respec-
tively, and channel structures extending away from the
surface of the substrate between the common source lines.
The common source lines define a unit cell of the memory
device therebetween. The memory device further includes
an electrode stack structure having interlayver insulating
layers and conductive electrode layers that are alternately
stacked along sidewalls of the channel structures. The con-
ductive electrode layers define respective gates of selection
transistors and memory cell transistors of the memory
device. An 1solation insulating layer, which includes a
portion of a sacrificial layer, 1s disposed between adjacent
ones of the interlayer msulating layers 1n the stack structure.
The 1solation insulating layer divides at least one of the
conductive electrode layers in the stack structure into elec-
trically separate portions.

In some embodiments, the at least one of the conductive
clectrode layers, which 1s divided by the 1solation insulating
layer, may define a gate of at least one of the selection
transistors of the memory device.

In some embodiments, the portion of the sacrificial layer
defining the 1solation msulating layer may include a material
having a lower etching rate than other sacrificial layers used
in the stack structure.

In some embodiments, the at least one of the selection
transistors may be a ground selection transistor, and a gate
isolation layer may electrically separate one or more of the
conductive electrode layers 1n the stack structure. The one or
more of the conductive electrode layers may define respec-
tive gates of one or more string selection transistors. The
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gate 1solation layer may include a same material as the
interlayer msulating layers in the stack structure.

In some embodiments, upper and lower ones of the
interlayer msulating layers in the stack structure may have
different thicknesses than ones of the interlayer insulating
layers therebetween 1n the stack structure.

According to an aspect of the present inventive concepts,
a memory device includes a channel area extending in a
direction perpendicular to an upper surface of a substrate, a
plurality of gate electrode layers stacked on the substrate
adjacent to the channel area and providing at least one
ground select transistor, at least one string select transistor,
and a plurality of memory cell transistors, a plurality of
isolation areas extending in the direction perpendicular to
the upper surface of the substrate and dividing the plurality
ol gate electrode layers by a unit cell region, and at least one
isolation 1nsulating layer dividing each of gate electrode
layers providing the at least one ground select transistor and
the at least one string select transistor among the plurality of
gate electrode layers 1n the unit cell region.

In some exemplary embodiments, the at least one 1sola-
tion insulating layer may divide each of the plurality of gate
clectrode layers providing the at least one ground select
transistor, the at least one string select transistor, and the
plurality of memory cell transistors.

In other exemplary embodiments, each of the plurality of
gate electrode layers providing the plurality of memory cell
transistors may be provided as a single gate electrode layer
in the unit cell region.

In other exemplary embodiments, the at least one 1sola-
tion 1nsulating layer may be parallel to the upper surface of
the substrate.

In other exemplary embodiments, the memory device
may further include a gate 1solation layer dividing the gate
clectrode layers 1included 1n at least a portion of the at least
one string select transistor and the plurality of memory cell
transistors.

In other exemplary embodiments, the at least one 1sola-
tion 1nsulating layer may only divide the gate electrode layer
included in the at least one ground select transistor.

In other exemplary embodiments, the gate 1solation layer
may include silicon oxide.

In other exemplary embodiments, the at least one 1sola-
tion insulating layer may include silicon nitride.

In other exemplary embodiments, each of the gate elec-
trode layers divided by the at least one 1solation nsulating
layer may be adjacent to diflerent channel areas from each
other.

According to another aspect of the present mmventive
concepts, a memory device includes a substrate, a cell region
including at least one ground select transistor, at least one
string select transistor, and a plurality of memory cell
transistors, stacked on the substrate, a plurality of 1solation
areas dividing the cell region mto a plurality of unit cell
regions, and at least one 1solation msulating layer disposed
parallel to an upper surface of the substrate, and dividing
cach of gate electrode layers providing the at least one
ground select transistor 1in each of the plurality of unit cell
regions.

In some exemplary embodiments, the at least one 1sola-

tion insulating layer may divide each of gate electrodes
included 1n the at least one ground select transistor, the at
least one string select transistor, and the plurality of memory
cell transistors.
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In other exemplary embodiments, the gate electrode lay-
ers included 1n the plurality of memory cell transistors may
be provided as a single gate electrode layer 1n the plurality
ol unit cell regions.

In other exemplary embodiments, the memory device
may further include a gate i1solation layer dividing each of

the gate electrode layers included 1n the at least one string
select transistor.

In other exemplary embodiments, each of the gate elec-
trode layers included in the at least one ground select
transistor may be divided by the at least one 1solation
insulating layer.

In other exemplary embodiments, the at least one 1sola-
tion insulating layer may include silicon nitride.

BRIEF DESCRIPTION OF DRAWINGS

The above and other aspects, features and other advan-
tages of the present inventive concepts will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 1s a schematic block diagram of memory devices
according to some embodiments of the present mventive
concepts;

FIGS. 2A to 2C are equivalent circuit diagrams 1llustrat-
ing a memory cell array of memory devices according to
some embodiments of the present inventive concepts;

FIG. 3 1s a schematic plan view ol memory devices
according to some embodiments of the present inventive
concepts;

FIGS. 4 to 6 are perspective views illustrating memory
devices according to exemplary embodiments of the present
iventive concepts;

FIG. 7 1s a partial cross-sectional view illustrating a gate
dielectric layer and a channel area according to some
embodiments of the present inventive concepts;

FIGS. 8A to 8F are diagrams schematically illustrating
processes 1n methods of fabricating memory devices accord-
ing to some embodiments of the present inventive concepts;

FIGS. 9A to 9F are diagrams schematically illustrating
processes 1n methods of fabricating memory devices accord-
ing to some embodiments of the present inventive concepts;

FIGS. 10A to 10F are diagrams schematically 1llustrating
processes 1n methods of fabricating memory devices accord-
ing to some embodiments of the present inventive concepts;
and

FIGS. 11 and 12 are block diagrams 1llustrating electronic
apparatuses including memory devices according to some
embodiments of the present inventive concepts.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present mventive con-
cepts will be described in detaill with reference to the
accompanying drawings. The disclosure may, however, be
exemplified mm many different forms and should not be
construed as being limited to the specific embodiments set
torth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the disclosure to those skilled 1n the art.
In the drawings, the shapes and dimensions of elements may
be exaggerated for clarity, and the same reference numerals
will be used throughout to designate the same or like
clements.

It will be understood that when an element or layer 1s
referred to as being “connected to,” or “coupled to” another
clement or layer, 1t can be directly connected to or coupled
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to another element or layer or intervening elements or layers
may be present. In contrast, when an element 1s referred to
as being “directly connected to” or “directly coupled to”
another element or layer, there are no 1ntervening elements
or layers present. Like numbers refer to like elements
throughout. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

It will also be understood that when a layer 1s referred to
as being “on” another layer or substrate, 1t can be directly on
the other layer or substrate, or intervening layers may also
be present. In contrast, when an element 1s referred to as
being “directly on™ another element, there are no intervening
clements present.

It will be understood that, although the terms first, second,
ctc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another
clement. Thus, for example, a first element, a first compo-
nent or a first section discussed below could be termed a
second element, a second component or a second section
without departing from the teachings of the present inven-
tive concepts.

The use of the terms “a” and “an” and “the” and similar
referents 1n the context of describing the mvention (espe-
cially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e.,
meaning “including, but not limited to,”) unless otherwise
noted.

Varnations from the shapes of the illustrations as a result,
for example, of manufacturing techniques and/or tolerances,
are to be expected. Thus, embodiments of the inventive
concepts should not be construed as being limited to the
particular shapes of regions illustrated herein but are to
include deviations in shapes that result, for example, from
manufacturing.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. It 1s noted that the use of any and all
examples, or exemplary terms provided herein 1s intended
merely to better illuminate the invention and 1s not a
limitation on the scope of the mvention unless otherwise
specified. Further, unless defined otherwise, all terms
defined 1n generally used dictionaries may not be overly
interpreted.

FIG. 1 1s a schematic block diagram of a memory device
according to some embodiments of the present inventive
concepts.

Retferring to FIG. 1, a memory device 10 according to
some embodiments of the present inventive concepts may
include a memory cell array 20, a driving circuit 30, a
read/write circuit 40, and a control circuit 50.

The memory cell array 20 may include a plurality of
memory cells, and the plurality of memory cells may be
arranged 1n a plurality of rows and columns. The plurality of
memory cells included 1n the memory cell array 20 may be
connected to the driving circuit 30 through a word line WL,
a common source line CSL, a string select line SSL, a
ground select line GSL, or the like, and to the read/write
circuit 40 through a bit line BL. In some embodiments, the
plurality of memory cells arranged 1n the same row may be
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connected to the same word line WL, and the plurality of
memory cells arranged in the same column may be con-
nected to the bit line BL.

The plurality of memory cells included in the memory cell
array 20 may be divided into a plurality of memory blocks.
Each memory block may include a plurality of word lines
WL, a plurality of string select lines SSL, a plurality of
ground select lines GSL, a plurality of bit lines BL, and at
least one common source line CSL.

The driving circuit 30 and the read/write circuit 40 may be
operated by the control circuit 50. In some embodiments, the
driving circuit 30 may recerve address information from an
external device, decode the received address information,
and select at least a portion of the word line WL, common
source line CSL, string select line SSL, and ground select
line GSL connected to the memory cell array. The driving
circuit 30 may include a driving circuit for each of the word
line WL, the string select line SSL, and the common source
line CSL.

The read/write circuit 40 may select at least a portion of
the bit lines BL connected to the memory cell array 20
according to a command received from the control circuit
50. The read/write circuit 40 may read data stored in a
memory cell connected to the selected portion of the bit lines
BL, or write data to a memory cell connected to the selected
portion of the bit line BL. The read/write circuit 40 may
include circuits, such as page bullers, mput/output builers,
data latches, and/or the like, 1n order to perform such an
operation.

The control circuit 50 may control an operation of the
driving circuit 30 and the read/write circuit 40 1n response to
a control signal CTRL transmitted from an external device.
When data stored in the memory cell array 20 1s read, the
control circuit 50 may control an operation of the drniving
circuit 30 so as to supply a voltage for the reading operation
to a word line WL storing data to be read. When the voltage
for the reading operation 1s supplied to the word line WL, the
control circuit 50 may control the read/write circuit 40 to
read the data stored 1n a memory cell connected to the word
line WL to which the voltage for the reading operation 1s
supplied.

Meanwhile, when data 1s written 1n memory cell array 20,
the control circuit 50 may control an operation of the driving
circuit 30 to supply a voltage for a writing operation to the
word line WL. When the voltage for the writing operation 1s
supplied to the word line WL, the control circuit 50 may
control the read/write circuit 40 to write the data 1n a
memory cell connected to the word line WL to which the
voltage for the writing operation 1s supplied.

FIGS. 2A to 2C are equivalent circuit diagrams 1llustrat-
ing a memory cell array of a memory device according to
some embodiments of the present inventive concepts.

First, referring to FIG. 2A, a memory cell array according,
to some embodiments of the present inventive concepts may
include a plurality of memory cell strings S. Each of the
memory cell strings S may include n memory cell transistors
MC1 to MCn connected to each other in series, and a ground
select transistor GST and string select transistors SST1 and
SST2 respectively connected to both end portions of the
memory cell transistors MC1 to MCn 1n series.

The n memory cell transistors MC1 to MCn connected to
cach other 1n series may be respectively connected to word
lines WL1 to WLn for selecting at least a portion of the
memory cell transistors MC1 to MChn.

A gate terminal of the ground select transistor GS'T may
be connected to the ground select line GSL, and a source
terminal of the ground select transistor GST may be con-
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nected to the common source line CSL. Meanwhile, gate
terminals of the string select transistors SST1 and SST2 may
be respectively connected to string select lines SSLL1 and
SSL2, and a source terminal of the first string select tran-
sistor SST1 may be connected to a drain terminal of an nth
memory cell transistor MCn. Although one ground select
transistor GST and two string select transistors SST1 and
SST2 are connected to the n memory cell transistors MC1 to
MCn connected to each other in series 1n FIG. 2A, the
number of ground select transistor GST or string select
transistors SST1 and SS8T2 may be changed. In addition, the
ground select transistor GST or the string select transistors
SST1 and SST2 may have a different structure from the
memory cell transistors MC1 to MChn.

For example, referring to an equivalent circuit diagram of
a memory cell array illustrated in FIG. 2B, one ground select
transistor GST and one string select transistor SST may be
connected to one memory cell string S. In addition, referring
to FIG. 2C, two or more ground select transistors GST1 and
GST2 and string select transistors SST1 and SST2 may be
included 1n one memory cell string S, the ground select
transistors GST1 and G512 and the string select transistors
SST1 and SST2 may not include a floating gate, unlike the
memory cell transistors MC1 to MChn.

A drain terminal of the second string select transistor
SST2 disposed at one end portion of the memory cell string,
S may be connected to bit lines BLL1 to BLm. When a signal
1s applied to a gate terminal of the second string select
transistor SST2 through the string select line SSL, a data
reading operation or a data writing operation may be per-
formed 1n such a manner that the signal applied through the
bit lines BLL1 to BLm 1s transmitted to the n memory cell
devices MC1 to MCn connected to each other. In addition,
an erase operation 1n which charges stored 1n the n memory
cell transistors MC1 to MCn are discharged or fully
removed, may be performed by applying a signal to a gate
terminal of a gate select transistor GST whose source
terminal 1s connected to the common source line CSL
through a gate select line GSL.

FIG. 3 1s a schematic plan view of a memory device
according to some embodiments of the present mventive
concepts.

Retferring to FIG. 3, a schematic plan view of some
components of a memory cell region included in the
memory device 100 according to some embodiments of the
present inventive concepts 1s 1llustrated. The memory device
100 may include a plurality of 1solation areas D1 and D2,
which divide a memory cell region mto a plurality of umt
cell regions UC, and a plurality of channel areas CH (also
referred to herein as channel structures) arranged in each
unit cell region UC.

Each channel area CH may protrude or extend in a
direction perpendicular to an x-y plane, and a plurality of
gate electrode layers may be stacked 1n a direction perpen-
dicular to the x-y plane around the plurality of channel areas
CH so as to be adjacent to the channel arecas CH. The
plurality of isolation areas D1 and D2 may divide the
plurality of gate electrode layers that are stacked adjacent to
the channel areas CH to define the plurality of unit cell
regions UC, and may extend 1n a direction, for example, in
a y-axis direction as illustrated in FIG. 3.

The plurality of gate electrode layers stacked adjacent to
the channel areas CH may extend 1n a direction parallel to
the plurality of 1solation areas D1 and D2, for example, in
t
C

ne y-axis direction in FIG. 3, to be connected to circuit
evices 1n a peripheral circuit region. Meanwhile, the chan-
nel areas CH may pass through the plurality of gate electrode
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layers, and a plurality ({for example, four) channel areas CH
may be arranged 1n a line 1n an x-axis 1 one unit cell region
UC, and 1n a zigzag form 1n the y-axis. That 1s, channel areas
CH adjacent to each other may be arranged 1n a staggered
relation to each other. In the memory device 100, a memory
cell string may be configured around each channel area CH.
However, the arrangement of the channel areas CH may vary
according to embodiments of the present inventive concepts,
and the number of the channel areas CH arranged in a
direction 1s not limited to that illustrated in the drawings.

The memory device 100 according to some embodiments
ol the present inventive concepts may include an 1solation
insulating layer 150 disposed 1n at least a portion of the gate
clectrode layers. The 1solation insulating layer 150 may
divide the at least a portion of the gate electrode layers.
Referring to FIG. 3, the 1solation msulating layer 150 may
be disposed in the center in a direction, that 1s, the x-axis
direction in FIG. 3, 1n each unit cell region UC, and the same
number of channel areas CH may be arranged 1n each of left
and right sides with respect to the isolation mnsulating layer
150.

The 1solation msulating layer 150 may be disposed in at
least one of the gate electrode layers included 1n a string
select transistor and/or a ground select transistor. Accord-
ingly, 1n one unit cell region UC, the memory cell transistors
tformed by the gate electrode layers and channel areas CH
disposed 1n the left side (or to the leit) of the isolation
insulating layer 150 in the x-axis direction, and the memory
cell transistors formed by the gate electrode layers and
channel areas CH disposed 1n the right side (or to the right)
of the 1solation msulating layer 150 in the x-axis direction
may be independently addressed to perform reading and/or
writing operations.

FIGS. 4 to 6 are perspective views illustrating memory
devices according to exemplary embodiments of the present
inventive concepts.

FIG. 4 1s a perspective view 1llustrating a portion of a
memory device 100 according to some embodiments of the
present inventive concepts. For example, FIG. 4 may
include a region taken along line I-I' in the plan view of the
memory device 100 in FIG. 3. The memory device 100 may
include a substrate 105, channel areas CH disposed perpen-
dicular to an upper surface of the substrate 105, a plurality
of gate electrode layers 130 (including layers 131 to 138)
stacked on the substrate 105 to be adjacent to the channel
arecas CH, and one or more 1solation msulating layers 150
disposed 1n at least a portion of the gate electrode layers 130.

The channel arecas CH may be disposed on the upper
surface of the substrate 105 to extend in a direction (a z-axis
direction) perpendicular to the upper surface of the substrate
105. Annular channel layers 110 surrounding embedded
insulating layers 113 may be formed in the channel areas
CH. In some embodiments, the channel layers 110 may have
a columnar shape, such as cylindrical or prismatic shape,
with no embedded insulating layer 113. In addition, the
channel areas CH may have tapered sidewalls toward the
substrate 105. The channel layers 110, any embedded 1nsu
lating layers 113, and/or other layers formed in the channel
arcas CH are thus included in the channel structures
described herein.

The channel areas CH may be arranged to be spaced apart
from each other 1n an x-axis direction and a y-axis direction.
However, the number and arrangement of the channel areas
CH may be changed according to various embodiments. For
example, the channel areas CH may be arranged in a zigzag
form 1n at least one direction. In addition, the arrangement
of the channel areas CH adjacent to each other with the
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1solation insulating layers 150 therebetween may be sym-
metrical as illustrated 1n FIG. 4, but 1s not limited thereto.

Lower surfaces of the channel layers 110 may be electri-
cally connected to the substrate 105 through epitaxial layers
115. The channel layers 110 may include a semiconductor
material, such as polysilicon or single crystalline silicon, and
the semiconductor material may be an undoped material or
a material imncluding p-type or n-type impurities. The epi-
taxial layers 115 may be a layer grown by a selective
epitaxial growth (SEG) process.

The plurality of gate electrode layers 130 and a plurality
ol interlayer insulating layers 140 (including layers 141 to
149) may be alternately stacked in the z-axis direction to
define an electrode stack structure. Each gate electrode layer
130 may be disposed to be adjacent to at least one channel
layer 110, and may provide gate electrodes of ground select
transistors GST, a plurality of memory cell transistors MC1
to MCn, and string select transistors SST1 and SS8T2. The
gate electrode layers 130 may extend to form word lines
WL1 to WLn, and be commonly connected to a predeter-
mined unit of adjacent memory cell strings arranged in the
x-axis direction and the y-axis direction. In some embodi-
ments, the total number of the gate electrode layers 131 to
136 that define the memory cell transistors MC1 to MCn
may be 2% (where a 1s a non-negative integer or natural
number).

A gate electrode layer 131 of the ground select transistors
GST may be connected to a ground select line GSL. Gate
clectrode layers 137 and 138 of the string select transistors
SST1 and SST2 may be connected to a string select line
SSL. In particular, the gate electrode layers 137 and 138 of
the string select transistors SST1 and SST2 may be sepa-
rated between adjacent memory cell strings to be connected
to different string select lines SSL. In some embodiments of
the present inventive concepts, a plurality of string select
transistors SST1 and SST2 may be separated by the 1solation
insulating layer 150. In FIG. 4, two gate electrode layers 137
and 138 of the string select transistors SST1 and SST2, and
one gate electrode layer 131 of the ground select transistors
GST are 1llustrated, but are not limited thereto. Meanwhile,
the gate electrode layers 131, 137, and 138 of the ground
select transistors GST and the string select transistors SST1
and SST2 may have different structures from the gate
clectrode layers 132 to 136 of the memory cell transistors
MC1 to MChn.

The plurality of gate electrode layers 130 may include
polysilicon and/or a metal silicide material. The metal
silicide material may be a silicide material of a metal
selected from Co, N1, Hf, Pt, W, and/or T1. In some embodi-
ments, the plurality of gate electrode layers 130 may include
a metal matenal, for example, tungsten (W). In addition, the
plurality of gate electrode layers 130 may further include a
diffusion barrier, and the diffusion barrier may include, for
example, tungsten nitride (WN), tantalum nitride (TaN),
and/or titanium nitride (TiN).

The plurality of gate electrode layers 130 and the plurality
of interlayer insulating layers 140 may be alternately
stacked. The plurality of interlayer insulating layers 140 may
be arranged to be spaced apart from each other 1n the z-axis
direction and may extend 1n the y-axis direction, similarly to
the plurality of gate electrode layers 130. The plurality of
interlayer insulating layers 140 may include an insulating
material, such as silicon oxide or silicon nitride.

Gate dielectric layers 160 may be disposed between the
plurality of gate electrode layers 130 and the channel layers
110. Each of the gate dielectric layers 160 may include a
blocking layer 162, a charge storage layer 164, and a
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tunneling layer 166 sequentially stacked between each chan-
nel layer 110 and each gate electrode layer 130. This will be
described 1n detail with reference to FIG. 7, an enlarged
view ol the region A of FIG. 3.

The blocking layer 162 may include a high-k dielectric
material. Here, the high-k dielectric material may refer to a
dielectric material having a higher dielectric constant than
silicon oxide. The tunneling layer 166 may transmit charges
to the charge storage layer 164 1n an F-N tunneling method.
The tunneling layer 166 may include, for example, silicon
oxide. The charge storage layer 164 may be a charge
trapping layer or a floating gate conductive layer. For
example, the charge storage layer 164 may include a dielec-
tric material, quantum dots, and/or nanocrystals. Here, the
quantum dots or nanocrystals may be formed of a conduc-
tive material, for example, fine particles of a metal or a
semiconductor material.

In an upper end portion of the memory device 100 1n the
z-ax1s direction, drain areas 117 may be disposed on or to
cover upper surfaces of the embedded insulating layers 113
and to be electrically connected to the channel layers 110. In
some embodiments, the drain areas 117 may include doped
polysilicon. The drain areas 117 may function as drain areas
of the string select transistors SST1 and SST2.

Meanwhile, 1n a lower end portion of the memory device
100 1n the z-axis direction, source areas or regions 107 of the
ground select transistors GST arranged 1n the x-axis direc-
tion may be disposed. The source areas 107 may extend in
the x-axis direction to be adjacent to the upper surface of the
substrate 105, and be arranged to be spaced apart by a
predetermined interval 1n the y-axis direction. On the source
areas 107, 1solation areas D1 and D2 dividing the memory
device 100 1nto unit cell regions UC may be disposed. Each
of the 1solation areas D1 and D2 may include an 1solation
insulating layer 153 electrically 1solating the gate electrode
layers 130 included in each umnit cell region UC, and a
common source line 155 electrically connected to the source
areas 107. The common source line 155 may include tung-
sten (W), aluminum (Al), copper (Cu), and/or the like.

When the source areas 107 have an opposite conductivity
type to the substrate 105, the source areas 107 may function
as source areas of adjacent ground select transistors GST,
and may be connected to the common source line CSL
illustrated 1n FIG. 2A. When the source areas 107 have the
same conductivity type as the second substrate 105, the
source areas 107 may function as a contact electrode of a
pocket p-well configured to perform an erase operation by a
block. In this case, since a high voltage 1s applied to the
substrate 105 through the contact electrode of the pocket
p-well, data stored 1n all memory cell transistors MC1 to
MCn 1n the block of the substrate 105 may be erased.

Meanwhile, each gate electrode layer 130 may be divided
by the 1solation 1nsulating layer 150 1n one unit cell region
UC. Referring to FIG. 4, an 1solation insulating layer 150
may be disposed 1n the x-axis direction in each gate elec-
trode layer 130. Each gate clectrode layer 130 may be
divided 1n the y-axis direction 1n the unit cell region UC by
the 1solation 1nsulating layer 150.

Since the plurality of gate electrode layers 130 are sepa-
rated by forming the 1solation insulating layer 150 in the unit
cell region UC, memory cell strings formed by the gate
clectrode layers 130 and channel areas CH disposed adjacent
to the first 1solation area D1 1n the y-axis direction, and the
memory cell strings formed by the gate electrode layers 130
and channel areas CH disposed adjacent to the second
isolation area D2 1n the y-axis direction may be indepen-
dently operated or addressed. Accordingly, an aspect ratio
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defined by a width (a length in the y-axis direction of FIG.
4) and height (a stack thickness in the z-axis direction of
FIG. 4) of each unit cell region UC may be reduced.

When the height of the memory device 100 increases
since the number of the plurality of gate electrode layers 130
and the interlayer insulating layers 140 increase, the aspect
ratio of each unit cell region UC may increase. As the aspect
ratio of each unit cell region UC increases, deformation of
the channel areas CH may occur due to a stress generated in
a process of injecting a conductive material such as tungsten
to form the plurality of gate electrode layers 130. When the
deformation of the channel areas CH occurs, a misalignment
may be generated 1n a process of forming contact holes on
the drain areas 117 disposed on the channel layers 110.

According to some embodiments of the present inventive
concepts, since an 1solation insulating layer 150 1s formed 1n
one unit cell region UC, the aspect ratio in each unit cell
region UC may be reduced, and thus the deformation of the
channel areas CH due to a stress generated in the process of
forming the gate electrode layers 130. Accordingly, a manu-
facturing process may become easier, and a manufacturing
yield may be improved.

Next, the gate dielectric layers 160, the channel areas CH,
and the gate electrode layers 130 of the memory device 100
in FIG. 4 are described with reference to FIG. 7. FIG. 7 1s
a partially enlarged view of the region A of FIG. 4.

Referring to FIG. 7, a gate electrode layer 133, insulating,
layers 143 and 144, a gate dielectric layer 160, and channel
arecas CH including an embedded insulating layer 113 and a
channel layer 110 are illustrated. The channel layer 110 may
have an annular shape, and the embedded insulating layer
113 may be disposed therecon. The gate dielectric layer 160
may have a structure including a blocking layer 162, a
charge storage layer 164, and a tunneling layer 166 sequen-
tially stacked from the gate electrode layer 133 to the
channel layer 110. Relative thicknesses of the layers that
define the gate dielectric layer 160 may not be limited to
those 1llustrated 1n FIG. 7, and may vary.

The blocking layer 162 may include silicon oxide (S10,),
silicon nitride (S1;,N,), silicon oxynitride (S1ON), and/or a
high-k dielectric material. The high-k dielectric material
may include one or more of aluminum oxide (Al,O,),
tantalum oxide (Ta,0;), titamum oxide (110,), yttrium
oxide (Y,0;), zircomum oxide (Zr0O,), zircomum silicon
oxide (ZrS1,0,), hatnium oxide (H1O,), hatnium silicon
oxide (H1S1,0,), lanthanum oxide (La,O;), lanthanum alu-
minum oxide (LaAl O,), lanthanum hatnium oxide (LaH-
£,0,), hafnium aluminum oxide (HtAl O,), and praseo-
dymium oxide (Pr,0O,). Although the blocking layer 162 1s
illustrated as including one layer in FIG. 7, the blocking
layer 162 may 1nclude a high-k dielectric layer and a low-k
dielectric layer. In this case, the low-k dielectric layer may
be disposed to be 1n contact with the charge storage layer
164. The high-k dielectric layer may be formed of a material
having a higher dielectric constant than the tunneling layer
166, and the low-k dielectric layer may be formed of a
maternial having a relatively lower dielectric constant than
the high-k dielectric layer. Since the low-k dielectric layer 1s
disposed next to the high-k dielectric layer, an energy band,
for example, a barrier height may be controlled so as to
improve characteristics of a nonvolatile memory device, for
example, erase characteristics.

The charge storage layer 164 may be a charge trapping
layer or a floating gate conductive layer. When the charge
storage layer 164 1s a floating gate, it may be formed, for
example, by depositing polysilicon using a low pressure
chemical vapor deposition (LPCVD). When the charge
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storage layer 164 1s a charge trapping layer, it may include
silicon oxide (S10,), silicon nitride (S1;,N,), silicon oxyni-
tride (S1ON), haimium oxide (HIO,), zircontum oxide
(ZrO,), tantalum oxide (Ta,.O,), titanium oxide (110,),
hatntum aluminum oxide (HfALO,), hatnium tantalum
oxide (Htla O,), hatnium silicon oxide (Hi51,0,), alumi-
num nitride (AL N, ), and/or aluminum gallium nitride (Al-
Ga,N,).

The tunneling layer 166 may include silicon oxide (S10,),
silicon nitride (S1,N,), silicon oxynitride (S10N), hafnium
oxide (HtO,), hatnium silicon oxide (Hf51,0,), aluminum
oxide (Al,O;), and/or zircommum oxide (ZrO,).

Next, FIG. 5 1s a perspective view 1llustrating a part of a
memory device 100" according to some embodiments of the
present inventive concepts. The memory device 100" accord-
ing some embodiments illustrated in FIG. 5 1include a
substrate 105, channel arecas CH disposed perpendicular to
an upper surface of the substrate 105, a plurality of gate
clectrode layers 130 (including layers 131 to 138) stacked on
the substrate 105 to be adjacent to the channel areas CH, and
one or more 1solation insulating layers 150" disposed 1n at
least a portion of the gate electrode layers 130.

In the memory device 100" according some embodiments
illustrated 1 FIG. §, the channel areas CH may include
channel layers 110 and embedded insulating layers 113
filling the channel layers 110. Lower surfaces of the channel
layers 110 may be electrically connected to the substrate 105
through epitaxial layers 115. The channel layers 110 may
include a semiconductor material, such as polysilicon or
single crystalline silicon.

The plurality of gate electrode layers 130 and a plurality
of insulating layers 140 (including layers 141 to 149) may be
alternately stacked on the substrate 105, and disposed to be
adjacent to one or more channel areas CH. The plurality of
gate electrode layers 130 and the one or more channel areas
CH may provide ground select transistors GST, string select
transistors SST1 and SST2, and memory cell transistors
MC1 to MCn. Gate dielectric layers 160 may be disposed
between the gate electrode layers 130 and the channel layers
110 of the channel areas CH. In some embodiments, each of
the gate dielectric layers 160 may include a blocking layer
162, a charge storage layer 164, and a tunneling layer 166.

Referring to FIG. 5, each of the gate electrode layers 131,
137, and 138 included in the ground select transistors GST
and the string select transistors SST1 and SST2 may be
divided by an 1solation 1nsulating layer 150" in one unit cell
region UC. Each of the gate electrode layers 131, 137, and
138 divided by the 1solation insulating layer 150" may be
disposed to be adjacent to a different channel area CH.

Accordingly, the memory cell transistors MC1 to MCn
respectively provided by the gate electrode layers 132 to 136
in one unit cell region UC, which are not divided by the
isolation insulating layer 150', may be independently oper-
ated or addressed 1n a left side and a right side of the
1solation insulating layer 150' in the y-axis direction. Drain
areas 117 of the channel areas CH adjacent to each of the
gate electrode layers 131, 137, and 138 divided by the
1solation 1nsulating layer 150" may be connected to different
bit lines BLL1 to BLn, and a plurality of memory cell strings
S that can be independently operated at the left side and at
the right side of the isolation insulating layer 150" 1in the
y-axis direction may be defined.

Next, FIG. 6 1s a perspective view 1llustrating a part of a
memory device 100" according to some embodiments of the
present 1nventive concepts. The memory device 100"
according some embodiments illustrated 1n FIG. 6 include a
substrate 105, channel areas CH disposed perpendicular to
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an upper surface of the substrate 105, a plurality of gate
clectrode layers 130 (including layers 131 to 138) stacked on
the substrate 105 to be adjacent to the channel areas CH, and
one or more 1solation 1nsulating layers 150" disposed 1n at
least a portion of the gate electrode layers 130.

In the memory device 100" according some embodiments
illustrated 1n FIG. 6, the channel areas CH may include
channel layers 110 and buried insulating layers 113 filling
the channel layers 110. Lower surfaces of the channel layers
110 may be electrically connected to the substrate 105
through epitaxial layers 115. Meanwhile, the plurality of
gate electrode layers 130 and a plurality of insulating layers
140 (including layers 141 to 149) may be alternately stacked
on the substrate 105, and disposed to be adjacent to one or
more channel areas CH. The plurality of gate electrode
layers 130 and the one or more channel areas CH may
provide ground select transistors GST, string select transis-
tors SST1 and SST2, and memory cell transistors MC1 to
MCn. Gate dielectric layers 160 may be disposed between
the gate electrode layers 130 and the channel layers 110 of
the channel areas CH.

Referring to FI1G. 6, an 1solation insulating layer 150" may
divide the gate electrode layer 131 included 1n the ground
select transistors GST. That 1s, the 1solation 1nsulating layer
150" may be disposed only 1n the lowermost gate electrode
layer 131 1n a direction of stack (the z-axis direction of FIG.
6). In order to independently operate or address memory cell
strings S disposed 1 a left side and a right side of the
1solation insulating layer 150" in one umt cell region UC,
similar to the memory devices 100 and 100" respectively
illustrated 1n FIG. 4 and FI1G. §, the gate electrode layers 137
and 138 respectively included the string select transistors
SST1 and SST2 should also be divided.

In some embodiments illustrated i FIG. 6, the gate
clectrode layers 137 and 138 included in the string select
transistors SST1 and SST2 may be divided not by the
isolation insulating layer 150", but by an additional gate
isolation layer 160. The gate 1solation layer 160 may be
formed after alternately stacking a plurality of sacrificial
layers for forming the plurality of gate electrode layers 130
and the plurality of insulating layers 140 (including layers
141 to 149) 1n a manufacturing process, and may include, for
example, silicon oxide. Since the gate 1solation layer 160 1s
formed of silicon oxide, that is, the same material as the
plurality of insulating layers 140, the gate 1solation layer 160
may remain without being removed during an etching pro-
cess included in the manufacturing process.

Next, with reference to FIGS. 8, 9, and 10, methods of
fabricating memory devices 100, 100', and 100" 1llustrated
in FIGS. 4, 5, and 6 will be described, respectively.

FIGS. 8A to 8F are diagrams schematically illustrating
processes 1n a method of fabricating memory devices
according to some embodiments of the present inventive
concepts.

Referring to FIG. 8A, a plurality of sacrificial layers 120
(including layers 121 to 128) and a plurality of insulating
layers 140 (including layers 141 to 149) may be alternately
stacked on an upper surface of the substrate 10S5. The
plurality of sacrificial layers 120 may be formed of a
material having a high etch selectivity with respect to the
plurality of mnsulating layers 140 to be selectively etched.
Such an etch selectivity may be quantitatively expressed
using a ratio of an etching rate of the sacrificial layers 120
to an etching rate of the isulating layers 140. For example,
the insulating layers 140 may be one of a silicon oxide layer
and a silicon nitride layer, and the sacrificial layers 120 may
be a layer selected from a silicon layer, a silicon oxide layer,
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a silicon carbide layer, and a silicon nitride layer, which 1s
a different material from the insulating layers 140. For
example, when the insulating layers 140 include silicon
oxide, the sacrificial layers 120 may include silicon nitride.

According to various embodiments of the present inven-
tive concepts, thicknesses of the plurality of insulating
layers 140 may be different from each other. For example,
the lowermost insulating layer 141 in the z-axis direction
among the plurality of insulating layers 140 may be thinner
than the other insulating layers 142 to 149, and the upper-
most msulating layer 149 may be relatively thicker than the
other insulating layers 141 to 148. That 1s, the thicknesses of
the plurality of insulating layers 140 and the plurality of
sacrificial layers 120 may not be limited to those illustrated
in FIG. 8A, and the numbers of layers that define the
plurality of insulating layers 140 and sacnficial layers 120
may also vary.

Next, referring to FIG. 8B, a plurality of hole-shaped
openings H passing through the plurality of sacrificial layers
120 and the plurality of insulating layers 140 may be
tformed. The openings H may be arranged to correspond to
the plurality of channel areas CH described with respect to
FIG. 4.

The openings H 1llustrated in FIG. 8B may be formed by
anmisotropically etching the plurality of sacrificial layers 120
and the plurality of insulating layers 140. Since a stacked
structure including different layers 1s etched, the openings H
may not be completely perpendicular to the upper surface of
the substrate 105. For example, a width of each opening H
may be reduced toward the upper surface of the substrate
105. Each opening H may penetrate a portion of substrate
105 from the upper surface of the substrate 105.

Referring to FIG. 8C, channel layers 110, embedded
insulating layers 113, and gate dielectric layers 164 and 166
may be formed in the openings H. In some embodiments,
before the channel layers 110, the embedded insulating
layers 113, and the gate dielectric layers 164 and 166 are
tformed, epitaxial layers 115 may be formed on portions of
the substrate 105 penetrated by the openings H. Upper
surfaces of the epitaxial layers 115 may be higher than an
upper surface of the sacrificial layer 121, which will be
substituted by a gate electrode layer 131 of ground select
transistors GST (as shown 1n FIG. 4).

Thicknesses of the channel layers 110, the embedded
insulating layers 113, and the gate dielectric layers 164 and
166 included 1n the channel arecas CH may be the same or
different from each other, and may not be limited to the those
illustrated 1n FIG. 8C. The gate dielectric layers 164 and 166
may be uniformly formed using an atomic layer deposition
(ALD) method or a chemical vapor deposition (CVD)
method. As 1llustrated in FIG. 8C, a charge storage layer 164
and a tunneling layer 166 may be formed in each of the
openings H, or a blocking layer 162, the charge storage layer
164, and the tunneling layer 166 may be formed 1n each of
the openings H.

After the gate dielectric layers 164 and 166 are formed,
the channel layers 110 may be formed thereon. In order for
lower surfaces of the channel layers 110 to be in direct
contact with the upper surfaces of the substrate 105 or
epitaxial layers 115, portions of the gate dielectric layers 164
and 166 may be removed from the upper surfaces of the
substrate 105 or epitaxial layers 115 before the channel
layers 110 are formed.

The embedded msulating layers 113 may be formed to {ill
spaces formed on the channel layers 110, and include an
insulating material. However, in other embodiments, the
spaces of the channel layers 110 may be filled not with the

10

15

20

25

30

35

40

45

50

55

60

65

14

embedded 1nsulating layers 113 but with a conductive mate-
rial. Drain areas 117 electrically connected to the channel
layers 110 may be formed on the embedded insulating layers
113, and the drain areas 117 may be electrically connected
to bit lines 13L.1 to ELm, which will be formed in a
subsequent process.

In some embodiments, before the embedded insulating
layers 113 are formed, a hydrogen annealing process in
which the channel layers 110 are further subjected to heat
treatment 1n a gaseous atmosphere containing hydrogen or
deuterium. By the hydrogen annealing process, many por-
tions of crystal defects existing in the channel layers 110
may be cured.

Next, a planarization process may be performed to
remove unnecessary semiconductor material and insulating
maternal covering the uppermost insulating layer 149. Next,
some of upper portions of the embedded insulating layers
113 may be removed using an etching process, and a
material forming drain areas 117 may be deposited on the
removed portions of the embedded msulating layers 113. By
performing a planarization process again, the drain areas 117
may be formed.

Referring to FIG. 8D, a plurality of 1solation areas D1 and
D2 dividing the plurality of sacrificial layers 120 and
interlayer msulating layers 140 may be formed. Each of the
1solation areas D1 and D2 may be formed by an anisotropic
etching process using a mask layer, like the openings H
illustrated 1n FIG. 8B. At least portions of the substrate 105
may be exposed by the isolation areas D1 and D2, and
source areas 107 (as shown 1n FIG. 4) may be formed on the
portions exposed by the 1solation areas D1 and D2 1n a
subsequent 1on-implantation process.

Referring to FIG. 8E, the plurality of sacrificial layers 120
may be removed by an etching process.

The plurality of sacnficial layers 120 except the plurality
of 1interlayer insulating layers 140 may be selectively
removed by an etchant flowing into each of the i1solation
areas D1 and D2. By removing the plurality of sacrificial
layers 120, a plurality of horizontal openings Th may be
formed between the interlayer insulating layers 140, and
portions of side surfaces of the gate dielectric layers 164
may be exposed.

Referring to FIG. 8E, the plurality of sacrificial layers 120
may not be fully removed, and at least a portion of the
sacrificial layers 120 may remain. The remaining portion of
the sacrificial layers 120 may be provided as an 1solation
insulating layer 150, which divides each of the plurality of
gate electrode layers 130 1 a unit cell region UC into
clectrically separate portions. In the embodiment 1llustrated
in FIG. 8E, all sacrificial layers 120 may remain 1n a center
portion of the unit cell region UC 1n a y-axis direction.

Next, referring to FIG. 8F, the gate electrode layers 130
may be formed in the plurality of horizontal openings Th
formed by removing the sacrificial layers 120. In this case,
before the gate electrode layers 130 are formed, blocking
layers 162 may be formed on inner walls of the horizontal
openings Th. The gate electrode layers 130 may include a
metal, polysilicon, and/or a metal silicide matenial. The
metal silicide material may include, for example, a silicide
material of a metal selected from Co, N1, Hf, Pt, W, and Ti,
or combinations thereol. When the gate electrode layers 130
are formed of a metal silicide material, the gate electrode
layers 130 may be formed by filling the horizontal openings
Th with S1, forming an additional metal layer, and perform-
ing a silicidation process.

When the gate electrode layers 130 are formed, source
areas 107 may be formed by injecting impurities in portions




US 9,666,592 B2

15

of the substrate 105 exposed by the plurality of 1solation
areas D1 and D2. When the source areas 107 are formed,
1solation 1msulating layers 153 and common source lines 1535
may be formed on the source areas 107. The common source
lines 155 may be selectively formed according to various
embodiments of the present mventive concepts, and contact
plugs electrically connected to the common source lines 155
may further be formed in the 1solation areas D1 and D2.

FIGS. 9A to 9F are diagrams schematically illustrating
processes 1n a method of fabricating memory devices
according to some embodiments of the present inventive
concepts.

Referring to FIG. 9A, a plurality of sacrificial layers 121
to 128': 120 and a plurality of insulating layers 140 (includ-
ing layers 141 to 149) may be alternately formed on an upper
surface of a substrate 105. Like the embodiment illustrated
in FIG. 8A, the plurality of sacrificial layers 120 may be
formed of a material having a high etch selectivity with
respect to the plurality of insulating layers 140. In some
embodiments, when the insulating layers 140 include silicon
oxide, the sacrificial layers 120 may include silicon nitride.

In the embodiment 1llustrated 1in FIG. 9A, the lowermost
sacrificial layer 121" and the uppermost sacrificial layers 127
and 128' 1n a direction of stack (1n a z-axis direction of FIG.
9A) may have diflerent characteristics from the other sac-
rificial layers 122 to 126. In some embodiments, the low-
ermost sacrificial layer 121' and the uppermost sacrificial
layers 127" and 128' may have a lower etching rate than the
other sacrificial layers 122 to 126. That 1s, when the sacri-
ficial layers 120 are selectively etched with respect to the
plurality of insulating layers 140, portions of the lowermost
sacrificial layer 121" and the uppermost sacrificial layers 127
and 128' may remain even when the other sacrificial layers
122 to 126 are etched and removed.

Meanwhile, as described with reference to FIG. 8A,
according to various embodiments of the present invention,
thicknesses of the plurality of insulating layers 140 may be
different from each other. For example, the lowermost
insulating layer 141 1in the z-axis direction among the
plurality of insulating layers 140 may be thinner than the
other insulating layers 142 to 149, and the uppermost
insulating layer 149 may be relatively thicker than the other
insulating layers 141 to 148. That 1s, the thicknesses of the
plurality of insulating layers 140 and the plurality of sacri-
ficial layers 120 may not be limited to those illustrated 1n
FIG. 9A, and may vary. In addition, the number of layers
that define the plurality of insulating layers 140 and the
plurality of sacrificial layers 120 may vary.

Next, referring to FIG. 9B, a plurality of hole-shaped
openings H passing through the plurality of sacrificial layers
120 and the plurality of insulating layers 140 may be
tformed. The openings H may be arranged to correspond to
the plurality of channel areas CH described with reference to
FIG. 5. The openings H illustrated in FIG. 9B may be
formed by anisotropically etching the plurality of sacrificial
layers 120 and the plurality of insulating layers 140 through
portions exposed by a mask layer.

Referring to FIG. 9C, channel layers 110, embedded
insulating layers 113, and gate dielectric layers 164 and 166
may be formed in the openings H. In some embodiments,
before the channel layers 110, the embedded insulating
layers 113, and the gate dielectric layers 164 and 166 are
formed, epitaxial layers 115 may be formed on portions of
the substrate 105 penetrated by the openings H. Upper
surfaces of the epitaxial layers 115 may be higher than an
upper surface of the lowermost sacrificial layer 121", which
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will be substituted by a gate electrode layer 131 of ground
select transistors GST (as shown 1n FIG. 5).

The gate dielectric layers 164 and 166 may be formed 1n
the openings H, and the channel layers 110 may be formed
on the gate dielectric layers 164 and 166. In order for lower
surfaces of the channel layers 110 to be in direct contact with
upper surfaces of the substrate 105 or epitaxial layers 115,
portions of the gate dielectric layers 164 and 166 may be
removed from the upper surfaces of the substrate 105 or
epitaxial layers 115 before the channel layers 110 are
formed.

The embedded 1nsulating layer 113 may be formed to fill
spaces formed on the channel layers 110 and include an
insulating material. However, in other embodiments, the
spaces ol the channel layers 110 may be filled not with the
embedded 1nsulating layers 113 but with a conductive mate-
rial. Drain areas 117 electrically connected to the channel
layers 110 may be formed on the embedded insulating layers
113, and the drain areas 117 may be electrically connected
to bit lines BLL1 to BLm, which will be formed 1n a
subsequent process.

In some embodiments, before the embedded insulating
layers 113 are formed, a hydrogen annealing process in
which the channel layers 110 are further subjected to heat
treatment 1n a gaseous atmosphere containing hydrogen or
deuterium. By the hydrogen annealing process, many por-
tions of crystal defects existing in the channel layers 110
may be cured.

Next, a planarization process may be performed to
remove unnecessary semiconductor material and nsulating
material covering the uppermost msulating layer 149. Next,
some of upper portions of the embedded insulating layers
113 may be removed using an etching process, and a
material forming drain areas 117 may be deposited on the
removed portions of the embedded msulating layers 113. By
performing a planarization process again, the drain areas 117
may be formed.

Referring to FIG. 9D, a plurality of 1solation areas D1 and
D2 dividing the plurality of sacrificial layers 120 and
interlayer mnsulating layers 140 may be formed. Each of the
1solation areas D1 and D2 may be formed by an anisotropic
ctching process using a mask layer, like the openings H
illustrated 1n FIG. 8B. At least portions of the substrate 105
may be exposed by the isolation areas D1 and D2, and
source areas 107 (as shown 1n FIG. 5) may be formed on the
portions exposed by the 1solation areas D1 and D2 1n a
subsequent 1on-implantation process.

Referring to FIG. 9E, the plurality of sacrificial layers 120
may be removed by an etching process.

The plurality of sacnficial layers 120 except the plurality
of interlayer insulating layers 140 may be removed by an
ctchant flowing 1nto each of the 1solation areas D1 and D2.
By removing the plurality of sacrificial layers 120, a plu-
rality of horizontal openings Th may be formed between the
interlayer insulating layers 140, and portions of side surfaces
of the gate dielectric layers 164 may be exposed.

As described with reference to FIG. 9A, the lowermost
sacrificial layer 121" and the uppermost sacrificial layers 127
and 128" may have a lower etching rate than the other
sacrificial layers 122 to 126. In some embodiments, when
the lowermost sacrificial layer 121' and the uppermost
sacrificial layers 127" and 128' include high temperature SiN
(HT-S1N) formed by a high temperature PECVD or LPCVD
process, the other sacrificial layers 122 to 126 may include
low stress S1IN (LS-SiN).

Referring to FIG. 9E, while the intermediate sacrificial
layers 122 to 126 1n the direction of stack are fully or almost
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entirely removed, portions of the lowermost sacrificial layer
121" and the uppermost sacrificial layers 127' and 128' may
not be fully removed and may remain. The remaiming
portions of the lowermost sacrificial layer 121' and the
uppermost sacrificial layers 127" and 128' may be provided
as an 1solation sulating layer 150', which divides ones of
the plurality of gate electrode layers 130 1n a unit cell region
UC mto electrically separate portions.

Next, referring to FIG. 9F, the gate electrode layers 130
may be formed in the plurality of horizontal openings Th
formed by removing the sacrificial layers 120. In this case,
before the gate electrode layers 130 are formed, blocking
layers 162 may be formed on inner walls of the horizontal
openings Th. The gate electrode layers 130 may include a
metal, polysilicon, and/or a metal silicide matenal. The
metal silicide material may include, for example, a silicide
material of a metal selected from Co, N1, Hf, Pt, W, and T,
or combinations thereol. When the gate electrode layers 130
are formed of a metal silicide material, the gate electrode
layers 130 may be formed by filling the horizontal openings
Th with S1, forming an additional metal layer, and perform-
ing a silicidation process.

When the gate electrode layers 130 are formed, source
areas 107 may be formed by injecting impurities in portions
of the substrate 105 exposed by the plurality of 1solation
areas D1 and D2. When the source areas 107 are formed,
1solation insulating layers 153 and common source lines 155
may be formed on the source areas 107. The common source
lines 155 may be selectively formed according to various
embodiments of the present mnventive concepts, and contact
plugs electrically connected to the common source lines 155
may further be formed 1n the 1solation areas D1 and D2.

FIGS. 10A to 10F are diagrams schematically 1llustrating
processes 1n a method of fabricating memory devices
according to some embodiments of the present inventive
concepts.

Referring to FIG. 10A, a plurality of sacrificial layers 120
(including layers 121' to 128) and a plurality of insulating
layers 140 (including layers 141 to 149) may be alternately
formed on an upper surface of a substrate 105. As 1n the
embodiments illustrated in FIGS. 8 A and 9A, the plurality of
sacrificial layers 120 may be formed of a material having a
high etch selectivity with respect to the plurality of msulat-
ing layers 140. In some embodiments, when the insulating
layers 140 include silicon oxide, the sacrificial layers 120
may include silicon nitride.

In the embodiment illustrated in FIG. 10A, the lowermost
sacrificial layer 121' in a direction of stack (in a z-axis
direction of FIG. 10A) may have diflerent characteristics
from the other sacrificial layers 122 to 128. In some embodi-
ments, the lowermost sacrificial layer 121' may have a lower
ctching rate than the other sacrificial layers 122 to 128.
Accordingly, when the sacrificial layers 120 are selectively
ctched with respect to the plurality of insulating layers 140,
portions of the lowermost sacrificial layer 121' may remain
even when the other sacrificial layers 122 to 128 are etched
and removed. For example, when the lowermost sacrificial

layer 121" includes HT-SiN formed by a high temperature
PECVD or LPCVD process, the other sacrificial layers 122

to 128 may include LS-SiN.

Meanwhile, portions of the msulating layers 127 and 128
and insulating layers 147 to 149 disposed at a higher level
in the stack may be divided by a gate 1solation layer 160. The
gate 1solation layer 160 may be formed after stacking the
plurality of sacrificial layers 120 and the insulating layers
140 and removing the portions of the sacrificial layers 120
and the insulating layers 140 for forming the gate 1solation
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layer 160. The gate 1solation layer 160 may include the same
maternial as the insulating layers 140, for example, silicon
oxide.

Meanwhile, as described with reference to FIGS. 8A and
9A, according to various embodiments of the present inven-
tive concepts, thicknesses of the plurality of insulating
layers 140 may be different from each other. For example,
the lowermost insulating layer 141 1n the z-axis direction
among the plurality of insulating layers 140 may be thinner
than the other msulating layers 142 to 149, and the upper-
most msulating layer 149 may be relatively thicker than the
other insulating layers 141 to 148. That 1s, the thicknesses of
the plurality of msulating layers 140 and the plurality of
sacrificial layers 120 may not be limited to those 1llustrated
in FIG. 10A, and may vary. In addition, the number of layers
that define the plurality of insulating layers 140 and the
plurality of sacrificial layers 120 may vary.

Referring to FIG. 10B, a plurality of hole-shaped open-
ings H passing through the plurality of sacrificial layers 120
and the plurality of insulating layers 140 may be formed.
The openings H may be arranged to correspond to the
plurality of channel arecas CH described with reference to
FIG. 6. The openings H illustrated in FIG. 10B may be
formed by anisotropically etching the plurality of sacrificial
layers 120 and the plurality of insulating layers 140 through
portions exposed by a mask layer.

Retferring to FIG. 10C, channel layers 110, embedded
insulating layers 113, and gate dielectric layers 164 and 166
may be formed in the openings H to define channel struc-
tures. In some embodiments, before the channel layers 110,
the embedded insulating layers 113, and the gate dielectric
layers 164 and 166 are formed, epitaxial layers 115 may be
formed on portions of the substrate 105 penetrated by the
openings H. Upper surface of the epitaxial layers 115 may
be higher than an upper surface of the lowermost sacrificial
layer 121', which will be substituted by a gate electrode layer
131 of ground select transistors GST (as shown 1n FIG. 6).

The gate dielectric layers 164 and 166 may be formed 1n
the openings H, and the channel layers 110 may be formed
on the gate dielectric layers 164 and 166. In order for lower
surfaces of the channel layers 110 to be 1n direct contact with
upper surfaces of the substrate 105 or epitaxial layers 115,
portions of the gate dielectric layers 164 and 166 may be
removed from the upper surfaces of the substrate 105 or
epitaxial layers 115 before the channel layers 110 are
formed.

The embedded 1nsulating layer 113 may be formed to {ill
spaces formed on the channel layers 110 and include an
insulating material. However, in other embodiments, the
spaces of the channel layers 110 may be filled not with the
embedded msulating layers 113 but with a conductive mate-
rial. Drain areas 117 electrically connected to the channel
layers 110 may be formed on the embedded insulating layers
113, and the drain areas 117 may be electrically connected
to bit lines BLL1 to BLm, which will be formed in a
subsequent process.

In some embodiments, before the embedded insulating
layers 113 are formed, a hydrogen annealing process in
which the channel layers 110 are further subjected to heat
treatment 1n a gaseous atmosphere containing hydrogen or
deuterium. By the hydrogen annealing process, many por-
tions of crystal defects existing in the channel layers 110
may be cured.

Next, a planarization process may be performed to
remove unnecessary semiconductor material and insulating
material covering the uppermost msulating layer 149. Next,
some of upper portions of the embedded insulating layers
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113 may be removed using an etching process, and a
material forming drain areas 117 may be deposited on the
removed portions of the embedded msulating layers 113. By
performing a planarization process again, the drain areas 117
may be formed.

Referring to FIG. 10D, a plurality of i1solation areas D1
and D2 dividing the plurality of sacrificial layers 120 and
insulating layers 140 may be formed. Each of the 1solation
areas D1 and D2 may be formed by an anisotropic etching
process using a mask layer, like the openings H 1llustrated in
FIG. 8B. At least portions of the substrate 105 may be
exposed by the 1solation areas D1 and D2, and source areas
107 (as shown in FIG. 6) may be formed on the portions
exposed by the 1solation areas D1 and D2 1in a subsequent
ion-implantation process.

Referring to FIG. 10E, the plurality of sacrificial layers
120 may be removed by an etching process.

The plurality of sacrificial layers 120 except the plurality
of insulating layers 140 may be removed by an etchant
flowing into each of the 1solation arecas D1 and D2. By
removing the plurality of sacrificial layers 120, a plurality of
horizontal openings Th may be formed between the 1nsu-
lating layers 140, and portions of side surfaces of the gate
dielectric layers 164 may be exposed.

As described with reference to FIG. 10A, the lowermost
sacrificial layer 121' may have a lower etching rate than the
other sacrificial layers 122 to 128, and the gate i1solation
layer may include the same matenial as the plurality of
insulating layers 140. Accordingly, while the other sacrificial
layers 122 to 128 are fully or almost entirely etched and
removed, portions of the lowermost sacrificial layer 121' and
the gate 1solation layer 160 may not be fully removed and
may remain. The remaining portions of the lowermost
sacrificial layer 121' may be provided as an isolation insu-
lating layer 150", which divides the gate electrode layer 131
included in the ground select transistors GST 1n a unit cell
region UC into electrically separate portions. Meanwhile,
the gate electrode layers 137 and 138 included 1n the string
select transistors SST1 and SST2 may be divided by the gate
1solation layer 160.

Next, Referring to FIG. 10F, gate electrode layers 130
may be formed in the plurality of horizontal openings Th
formed by removing the sacrificial layers 120. In this case,
before the gate electrode layers 130 are formed, blocking
layers 162 may be formed on inner walls of the horizontal
openings Th. The gate electrode layers 130 may include a
metal, polysilicon, and/or a metal silicide material. The
metal silicide material may include, for example, a silicide
material of a metal selected from Co, N1, Hf, Pt, W, and Ti,
or combinations thereol. When the gate electrode layers 130
are formed of a metal silicide material, the gate electrode
layers 130 may be formed by filling the horizontal openings
Th with S1, forming an additional metal layer, and perform-
ing a silicidation process.

When the gate electrode layers 130 are formed, source
arcas 107 may be formed by injecting impurities in portions
of the substrate 105 exposed by the plurality of 1solation
areas D1 and D2. When the source areas 107 are formed,
1solation 1sulating layers 153 and common source lines 155
may be formed on the source areas 107. The common source
lines 155 may be selectively formed according to various
embodiments of the present mnventive concepts, and contact
plugs electrically connected to the common source lines 155
may further be formed 1n the 1solation areas D1 and D2.

FIGS. 11 and 12 are diagrams provided for describing
operations of a process management system according to
exemplary embodiments of the present inventive concepts.
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FIG. 11 1s a block diagram 1illustrating a storage apparatus
including nonvolatile memory devices according to some
embodiments of the present inventive concepts.

Referring to FIG. 11, a storage apparatus 1000 according,
to some embodiments of the present inventive concepts may
include a controller 1010 commumnicating with a host HOST,
and memories 1020-1, 1020-2, and 1020-3 storing data. One
or more of the memories 1020-1, 1020-2, and 1020-3 may

include memory devices according to the various exemplary
embodiments of the present inventive concepts, as described
for example with reference to FIGS. 3 to 6.

The host HOST communicating with the controller 1010
may 1nclude a variety of electronic apparatus or devices in
which the storage apparatus 1000 1s 1nstalled, for example,
a smartphone, a digital camera, a desktop PC, a laptop
computer, and/or a media player. The controller 1010 may
receive a request for data read or write from the host HOST
to generate a command CMD for storing data in the memo-
ries 1020-1, 1020-2, and 1020-3 or withdrawing data from
the memories 1020-1, 1020-2, and 1020-3.

As 1llustrated 1n FIG. 11, one or more memories 1020-1,

1020-2, and 1020-3 may be connected to the controller 1010
(for example, 1n parallel) 1n the storage apparatus 1000. By
connecting the plurality of memories 1020-1, 1020-2, and
1020-3 to the controller 1010 1n parallel, a storage apparatus
1000 having a large capacity, such as a solid state drnive
(SSD), may be provided.

FIG. 12 1s a block diagram illustrating an electronic
apparatus 1mcluding nonvolatile memory devices according
to some embodiments of the present inventive concepts.

Referring to FIG. 12, an electronic apparatus 2000
according to some embodiments of the present inventive
concepts may include a commumication unit 2010, an mput
umt 2020, an output unit 2030, a memory 2040, and a
processor 2030.

The communication unit 2010 may include a wired/
wireless communications module, such as a wireless internet
module, a short-range communications module, a GPS mod-
ule, and/or a mobile communications module. The wired/
wireless communications module included 1n the commu-

nication unit 2010 may be connected to an external
communications network by a variety of communications
standards to transmit and/or receive data.

The 1nput unit 2020 1s a module supplied for a user to
control an operation of the electromic apparatus 2000, and
includes a mechanical switch, a touch screen, a voice
recognition module, and/or the like. In addition, the input
umt 2020 may include a track ball, a laser pointer mouse,
and/or a touch interaction, and may further include a variety
of sensor modules by which a user can mput data.

The output unit 2030 may output information processed
by the electronic apparatus 2000 1n an audio and/or video
form. The memory 2040 may store a program for processing
or controlling of the processor 2050, and/or data. The
memory 2040 may include one or more semiconductor
devices according to the various embodiments of the present
iventive concepts, described above with reference to FIGS.
3 to 6. The processor 2050 may store/write and/or withdraw/
read data by transmitting a command to memory 2040
according to a desired operation.

The memory 2040 may be embedded in the electronic
apparatus 2000 or may communicate with the processor
2050 through a separate interface. When the memory 2040
communicates with the processor 2050 through the separate
interface, the processor 2050 may store/write data in or
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withdraw/read data from the memory 2040 by a variety of
interface standards, such as SD, SDHC, SDXC, MICRO SD,

and/or USB.

The processor 2050 may control operations of each unit
included 1n the electronic apparatus 2000. The processor
2050 may perform controlling and/or processing operations
related to voice calls, video calls, and/or data communica-
tion, and/or may perform controlling and/or processing
operations for multimedia playback and management. In
addition, the processor 2050 may process an input transmit-
ted through the mnput unit 2020 from a user, and output a
result thereof through the output unit 2030. Further, the
processor 2050 may store data to control operations of the
clectronic apparatus 2000 1n the memory 2040, and/or
withdraw the data from the memory 2040, as described
above.

As set forth above, according to some embodiments of the
present inventive concepts, 1n a process ol removing a
sacrificial layer to form a gate electrode layer, at least a
portion of a word line may be divided in one unit cell region
by retaining a portion of the sacrificial layer. Accordingly, an
aspect ratio in the one unit cell region may be lowered, and
misalignment of a contact due to a stress of the word line
may be reduced or minimized.

While example embodiments have been shown and
described above, 1t will be apparent to those skilled 1n the art
that modifications and variations could be made without
departing from the scope of the present invention as defined
by the following claims.

What 1s claimed 1s:

1. A memory device, comprising:

a substrate;

a cell region including at least one ground select transis-
tor, at least one string select transistor, and a plurality
of memory cell transistors, defined by respective gate
clectrode layers stacked on the substrate;

a plurality of 1solation areas dividing the cell region 1nto
a plurality of unit cell regions; and

at least one 1solation msulating layer disposed parallel to
an upper surface of the substrate between directly
adjacent ones ol the 1solation areas, and dividing at
least one of the respective gate electrode layers that
define the at least one ground select transistor in the
plurality of unit cell regions,

wherein ones of the respective gate electrode layers that
define the plurality of memory cell transistors are not
divided by the at least one 1solation msulating layer 1n
the plurality of unit cell regions.

2. A memory device, comprising:

a substrate:

a cell region 1including at least one ground select transis-
tor, at least one string select transistor, and a plurality
of memory cell transistors, defined by respective gate
clectrode layers stacked on the substrate;

a plurality of 1solation areas dividing the cell region into
a plurality of unit cell regions;

at least one 1solation msulating layer disposed parallel to
an upper surface of the substrate between directly
adjacent ones of the isolation areas, and dividing at
least one of the respective gate electrode layers that
define the at least one ground select transistor 1n the
plurality of umt cell regions; and

a gate 1solation layer dividing at least one of the respective
gate electrode layers that define the at least one string
select transistor,

wherein the at least one of the respective gate electrode
layers that define the at least one string select transistor
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and the ones of the respective gate electrode layers that
define the plurality of memory cell transistors are not
divided by the at least one 1solation insulating layer.

3. A memory device, comprising;

a substrate including common source regions thereon;

common source lines extending along a surface of the
substrate and contacting the common source regions,
respectively, wherein adjacent ones of the common
source lines define a unit cell of the memory device

therebetween;

channel structures on the substrate between the adjacent
ones of the common source lines, wherein the channel
structures extend away from the surface of the sub-
strate;

an electrode stack structure including interlayer insulating
layers and conductive electrode layers that are alter-
nately stacked along sidewalls of the channel struc-
tures, wherein the conductive electrode layers define
respective gates ol selection transistors and memory
cell transistors of the memory device; and

an 1solation insulating layer comprising a portion of a
sacrificial layer that 1s disposed between adjacent ones
of the interlayer insulating layers 1n the stack structure,
wherein the portion of the sacrificial layer defining the
1solation msulating layer comprises a material having a
lower etching rate than other sacrificial layers used 1n
the stack structure,

wherein the 1solation 1nsulating layer divides at least one
of the conductive electrode layers in the stack structure
into electrically separate portions.

4. The memory device of claim 3, wherein the at least one
of the conductive electrode layers, which 1s divided by the
1solation msulating layer, defines a gate of at least one of the
selection transistors of the memory device.

5. The memory device of claim 4, wherein the at least one
of the selection transistors comprises a ground select tran-
sistor, and further comprising:

a gate 1solation layer that divides one or more of the
conductive electrode layers 1n the stack structure into
clectrically separate portions,

wherein the one or more of the conductive electrode
layers define respective gates of one or more string
select transistors, and wherein the gate 1solation layer
comprises a same material as the mterlayer msulating
layers 1n the stack structure.

6. The memory device of claim 4, wherein upper and
lower ones of the interlayer insulating layers 1n the stack
structure have different thicknesses than ones of the inter-
layer insulating layers therebetween in the stack structure.

7. A memory device, comprising;

a substrate:

a cell region including at least one ground select transis-
tor, at least one string select transistor, and a plurality
of memory cell transistors, defined by respective gate
clectrode layers stacked on the substrate;

a plurality of 1solation areas dividing the cell region 1nto
a plurality of unit cell regions; and

at least one 1solation 1nsulating layer disposed parallel to
an upper surface of the substrate between directly
adjacent ones of the isolation areas, and dividing at
least one of the respective gate electrode layers that
define the at least one ground select transistor 1n the
plurality of unit cell regions,

wherein the at least one isolation insulating layer 1is
coniined between respective interlayer insulating layers
thereabove and therebelow, wherein the respective
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interlayer insulating layers are alternatingly stacked
between the respective gate electrode layers on the
substrate.
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